Many of Brazilian heavy oil reserves are located in the Northeast geographic region of Brazil. Presently, those reserves are being recovered using thermal recovery methods. To investigate the opportunity of improving the performance of configurations based on the SAGD process in fields with the characteristics of the Brazilian Northeast, a numerical simulation study was conducted in a semisynthetic reservoir, reproducing those characteristics. A W-SAGD configuration, with two parallel injector wells, in a different vertical alignment was proposed. Results revealed that keeping a steam injection of 200 ton/day anticipated the W-SAGD-25 oil production, improving recovery efficiency.
INTRODUCTION
As the world's demand for oil is growing continuously and conventional sources have been widely produced (Araújo et al. 2016) , the oil industry is increasing its focus on recovering nonconventional hydrocarbons. About 70% of the world's companies are looking for hydrocarbon sources involving heavy oil, extra-heavy oil, and bitumen. It is also known that 90% of these kinds of accumulations are located in Venezuela and Canada (Rojas et al., 2010).
In this context, Rio Grande do Norte stands out among Brazilian states located in the Northeast region, because it has had a long tradition of producing heavy oil through onshore wells, resulting in a large number of mature fields. This also makes the state a strong candidate for the application of techniques that seek to improve oil recovery (Araújo et al., 2016). The exploitation of these resources has been demanded over time due to the overwhelming necessity for new sources of hydrocarbons. Currently, the Northeast area of the Brazilian territory has numerous heavy oil reserves that use thermal recovery methods to increase production. Figure 1 shows the Steam Assisted Gravity Drainage (SAGD) with two parallel horizontal wells, which is a concept developed by Roger Butler, in 1978 (Butler, 1991 . This thermal method uses steam injection and horizontal wells in its configuration to promote the recovery of heavy oil and bitumen. Most of the configurations implemented involve the use of two parallel horizontal wells, one above the other, with a vertical separation distance of 5 meters between them. The well located above is configured as the steam injector, and the well located below as the hydrocarbon producer (Thorne & Zhao, 2009). When steam is injected continuously, the oil is heated and forms a steam-growing chamber, upwards and sideways, to find the boundaries of the reservoir (Butler, 1991) . In a thin oil reservoir, the growth of the steam chamber first finds a vertical limitation. When it reaches the top of the reservoir, from this point onward, it continues its growth up, reaching its lateral limits.
The use of horizontal wells, in SAGD, in comparison to the use of vertical wells, allows a large contact area to be reached within the reservoir. The increased productivity makes drilling of horizontal wells economically attractive (Terez & Ehlig-Economides, 2002). For projects that use steam injection, well productivity and drained area suffer a limitation, when considering the effects of pressure drop and heat through the injection well. Pressure drop can result in wells with a nonuniform distribution of steam. Thus, a non-uniform steam chamber is formed, reducing the effective length and well productivity (Thorne & Zhao 2009). Most modelings disregard these two effects (pressure drop and heat loss); however, they should be considered, as they influence the efficiency of the method. To obtain a better understanding of the performance of the SAGD process in fields with the characteristics of the Brazilian Northeast region, we conducted a numerical simulation study. The purpose of this article is to analyze different well positioning of steam injection wells based on the SAGD configuration. The goal is to optimize oil recovery in models with pressure drop and heat loss. These new well configurations are different from the standard SAGD because they consider an offset of the injector well. In some configurations, for example, the injector is not exactly above the producer well, not affecting its operating principle based on drilling horizontal wells and the action of gravitational forces.
To reach this goal, we considered a semisynthetic reservoir, with characteristics similar to those found in the Brazilian Northeast region. All results were obtained by using a commercial thermal simulator named STARS (Steam, Thermal, and Advanced Processes Reservoir Simulator), by the CMG (Computer Modelling Group Ltd.).
METHODOLOGY
A homogeneous reservoir, distributed over an area of 100m× 600m, with thickness of 26m, was modeled. Figure 2 shows 2D and 3D views of the numerical model for the analyzed configurations. Table 2 shows reservoir's oil composition. The model, with pseudo-components, was adjusted through the Phase Property Program (WINPROP) module of the CMG Suite. The modeling of pressure drop and heat loss, through the injector well, was performed by using the discretized model of the STARS simulator. This model is more appropriate because it considers the impact of the pressure drop within the injector well and the distribution of the steam in the producer well, where each section of the well is considered as a block attached to the reservoir. The fluid flow equations, for each component of the well, and the energy equations are solved for each block represented within the reservoir. Table 3 shows the operational parameters defined for the simulated models. For this study, different configurations of wells, with different distances between injector and producer wells were analyzed.
The distances between the injector wells and the nomenclature applied for each configuration are shown in Table 4 . SAGD represents the standard configuration, with 0 meters offset in the "i th " layer of the reservoir. 
RESULTS E DISCUSSIONS
The proposed W-SAGD configuration has the vertical well in a different vertical alignment, seeking to increase productivity. Therefore, in a mesh with multiple pairs of wells, two injector wells, from different pairs, can influence the same producer well. Figure 3 shows the graph of cumulative oil production for the different distances between the steam injection wells, considering a steam injection rate of 200 ton/day. The study shows that W-SAGD-15 and W-SAGD-25 configurations presented greater anticipation of oil production, in relation to the longer distances defined for W-SAGD-W-37 and W-SAGD-50 configurations. However, at the end of the project time, all the configurations presented a similar cumulative production. In a steam injection project, the process costs can be analyzed according to the technical-economic analysis of the relationship between anticipation of production and cumulative oil production. Thus, the use of a configuration with the injector wells close to the production well, in the "i th " layer -at a distance of 15 m to 25 m -may represent a viable alternative to increase the production of the project.
The configuration with the shortest distance between the wells, N-SAGD-7, showed a cumulative production that was similar to the standard SAGD, considering that the short proximity between the wells is close to the conventional SAGD itself. In this case, the use of injector wells near each other was not effective. Figure 4 shows the comparison of the temperature map along the reservoir for the standard SAGD configuration. The wells are exactly one above the other and the configuration with the distance of 25 meters (W-SAGD-25) between injector wells, which presented an anticipation in production and a cumulative oil production similar to the configurations with longer separation distances for the steam injection rate of 200 ton/day. With the approximation of the two injector wells and their respective steam chambers, the combined chamber reaches a larger area of the reservoir, providing a better sweep and contact of the steam with the heavy oil, and, hence, it reduces oil viscosity and increases recovery.
After the tenth year of production, configuration W-SAGD-25 showed a greater steam chamber along the reservoir as a result of the junction of the chambers of the two injection wells. Thus, a larger amount of oil is heated and drained towards the producer well located below.
The main factor in the determination of a successful recovery by gravity drainage is the formation of a uniform steam chamber, with greater reach along the reservoir so that more oil is heated and better drained. Therefore, the W-SAGD configuration represents an alternative to be used in heavy oil fields. As steam injection projects have a high cost, the increase in production can make the implementation of new SAGD well configurations an alternative to improve the efficiency of the process.
CONCLUSIONS
The study shows that the W-SAGD-25 configuration, with a separation of 25 meters between injection wells, presented greater anticipation of the cumulative oil production from the eighth to the twelfth year of production onward, when the injection flow rate was 200 ton/day.
The main factor in the determination of a successful oil recovery by gravity drainage is the formation of a uniform steam chamber, with greater reach along the reservoir. The investigation of the W-SAGD configuration represents an alternative to recover heavy oil in Brazilian Northeast, but future studies should investigate the viability of new configurations considering the costs associated with the process.
